Background--Characterizing electronic cigarette (e-cigarette) use patterns is important for guiding tobacco regulatory policy and projecting the future burden of tobacco-related diseases. Few studies have examined patterns of e-cigarette use in individuals with cardiovascular disease (CVD).
D
espite impressive declines in cardiovascular disease (CVD) mortality over the past half century, CVD remains the leading cause of death in the United States. 1 In 2014, CVD was listed as the underlying cause of death for 807 775 deaths or approximately one third of all deaths that occurred in that year, 2 and recent data indicate that the rate of decline in CVD may be slowing. 3 Cigarette smoking is a leading modifiable risk factor for CVD, with cigarette smokers 2 to 4 times more likely to develop CVD than nonsmokers. 4, 5 The Centers for Disease
Control and Prevention estimates that 33% of all CVD deaths in 2008 among adults older than 35 years could be attributed to smoking. 5 Furthermore, risk of acute myocardial infarction increases with number of cigarettes smoked daily. 6 Because of this, smoking cessation is a key component of both primary and secondary prevention of CVD. 7 Evidence suggests that quitting smoking is more effective in reducing the risk of mortality for patients with coronary heart disease (≥36% reduction) than other preventive measures, including use of statins (29% reduction), b-blockers (23% reduction), or angiotensin-converting enzyme inhibitors (23% reduction). 8 In addition, smoking cessation reduces the risk of cardiovascular events and deaths for smokers without prior coronary heart disease. 5 Importantly, the excess risk associated with smoking is rapidly reversible; quitting smoking after a myocardial infarction results in a 40% lower hazard of all-cause mortality over 2 years.
Despite widespread awareness of the harms of cigarette use and the known positive impact of cessation on cardiovascular health, prior studies have reported that almost half of tobacco smokers continued to smoke after cardiovascular events, [10] [11] [12] indicating that smoking cessation efforts remain critical to improving health and survival of individuals living with CVD. While the prevalence of tobacco smoking has declined significantly in the United States, 13 use of electronic cigarettes (e-cigarettes) has increased rapidly since they came on the market in 2007. [14] [15] [16] A common perception towards e-cigarettes is that they are potentially useful for assisting people to transition away from more harmful tobacco cigarettes. 14, 17 A recent national survey of 5717 adults showed that 22.4% of regular e-cigarette users are former cigarette smokers. 18 However, evidence on their efficacy for smoking cessation remains limited and results so far are inconclusive. 19, 20 Furthermore, although evidence to date suggests that e-cigarettes are less harmful than tobacco cigarettes, significant concerns remain regarding their health effects and to what extent they represent a viable harm-reduction strategy. 21 Prior studies have characterized use of e-cigarettes in the general adult population. 22, 23 However, there is currently no evidence on the prevalence or patterns of use of e-cigarettes among those with CVD, despite the fact that individuals with CVD represent a population highly vulnerable to the effects of tobacco use. The objectives of the present study therefore were to assess the prevalence of ecigarette use in individuals with CVD using nationally representative data on adults in the United States and to characterize patterns of e-cigarette use by tobacco smoking status. We hypothesized that individuals with CVD who recently quit smoking and those who reported recent quit attempts would have higher prevalence of e-cigarette use than those who had not recently quit or reported a quit attempt, suggestive of the use of e-cigarettes in this population for smoking cessation.
Methods
The data used in this study are available for public use through the Integrated Public Use Microdata Series. 24 We estimated e-cigarette use in adults who had a history of CVD with respect to smoking history status using 2014 data from the National Health Interview Survey (NHIS). 25 The NHIS is a large cross-sectional survey of US adults that has been fielded annually since 1976 and is nationally representative of the US adult population. In 2014, the NHIS adult sample had 36 697 participants. The survey asks extensive questions on demographic, social, and behavioral variables, including smoking status. The NHIS information allows for the establishment of individuals' smoking histories and time since quitting. Beginning in 2014, the NHIS also started asking questions about current and ever e-cigarette use, affording researchers the opportunity to examine behaviors surrounding e-cigarette use in relation to use of tobacco cigarettes and other products. 25 The current analysis included adults ages 18 years and older who reported a prior diagnosis of CVD, including stroke, coronary heart disease, angina pectoris, or other heart disease, defined as any heart condition or disease excluding heart attack. From a potential 5060 adults with CVD, individuals with missing observations for race/ethnicity (n=7), education (n=28), smoking status (n=8), time since quitting smoking in former smokers (n=15), and e-cigarette use (n=36) were excluded, leaving a total sample size of 4966 respondents who met these criteria and were included in the analysis.
To establish e-cigarette use, the NHIS uses 2 questions: first, to establish ever use, the survey asks "Have you ever used an e-cigarette, even one time?" and second, to establish current use among those reporting ever use, "Do you now use e-cigarettes every day, some days, or not at all?" Those who responded "Yes" to the first question were categorized as ever e-cigarette users, and those that responded "every day" or "some days" to the second question were considered current e-cigarette users.
Individuals were grouped into tobacco smoking status categories dependent on reported smoking history, classified as never smokers, former smokers, current "some days" smokers, and current "every day" smokers. We also categorized former smokers according to time since quitting, grouping together those who quit less than 1 year ago, quit between 1 year and less than 2 years ago, those who had quit smoking between 2 and less than 4 years ago, and those who had quit smoking at least 4 years ago.
Clinical Perspective
What Is New?
• This study provides estimates of electronic cigarette use patterns in individuals with cardiovascular disease.
• Use of electronic cigarettes was significantly more likely among adults with cardiovascular disease who recently quit smoking or reported a recent quit attempt.
What Are the Clinical Implications?
• The present study suggests that individuals with cardiovascular disease may be using electronic cigarettes as an aid to smoking cessation, underscoring the need for research on the cardiovascular health effects of electronic cigarettes.
We used multivariable logistic regression to examine the association between e-cigarette use and smoking history in adults with CVD. In the primary model, we used ever ecigarette use as the dependent variable, and in another model we used current e-cigarette use. In both cases, we adjusted for age (specified continuously), sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other), education (some high school, high school degree, some college, college degree), and region (Northeast, South, Midwest, West). Adjusted odds ratios were generated from the models using current "some days" smokers as the reference category. As our primary interest was in characterizing the association between e-cigarette use and recent cigarette cessation in relation to current cigarette smokers, we adopted the "some days" current smoker category as the reference.
In a secondary analysis, we limited the sample to current smokers (including "some days" and "every day" users) to examine e-cigarette use in individuals who reported an attempt to quit smoking within the past year. We used logistic regression to examine the association between e-cigarette use and quit attempt in adults who were current smokers with CVD. We first ran the model using ever e-cigarette use as the dependent variable, and then substituted current e-cigarette use in a second model. We adjusted for the same covariates used in the primary analysis.
In a final analysis, we examined associations between ecigarette use and years since quitting among former smokers with CVD. Former smokers were disaggregated into categories of those who quit within the last 2 years, those who quit smoking between 2 and less than 4 years ago, and those who quit 4 or more years ago. For purposes of examining the pattern of e-cigarette use by time since quitting in more detail, the latter category was further disaggregated into those who quit 4 to less than 10 years ago, and those who quit 10 or more years ago. We then implemented a logistic regression model with ever e-cigarette use as the dependent variable and quitting categories as the independent variable, adjusting for sex, age, race/ethnicity, education, and region. The parameters of this model were used to predict probabilities of ever e-cigarette use and current e-cigarette use per category of quitting with 95% confidence intervals (CI).
All analyses were performed using STATA version 14.2 (StataCorp, TX). NHIS data were extracted using the Integrated Health Interview Series. 26 We considered a 2-sided P value of <0.05 statistically significant. Institutional review board approval was not required as the study was based on secondary analyses of publicly available, de-identified data. Table 1 shows descriptive statistics for the population with CVD stratified by e-cigarette use status. In total, 11.0% of individuals with CVD reported that they had ever used ecigarettes (3.7% current users and 7.2% former users). Compared with never users of e-cigarettes, those who had ever used e-cigarettes were younger, more likely to be nonHispanic whites, and report some college without completion. With respect to cigarette smoking status, ever e-cigarette users were more likely than never e-cigarette users to be current or recent former smokers and less likely to have been long-time former smokers or never smokers. Table 2 presents data on exclusive and dual use of tobacco and electronic cigarettes. A majority of the CVD population had a history of either tobacco or e-cigarette use (54.2%). The percentage of individuals with CVD reporting current use of cigarettes (16.6%) and ever use of cigarettes (53.3%) exceeded the corresponding percentages for e-cigarettes of 3.7% and 11.0%. Of individuals with CVD, 2.6% reported current dual use of both tobacco and electronic cigarettes, whereas 1.8% of individuals were former users of both products. Current dual users accounted for 15.9% of current smokers with CVD. The prevalence of current e-cigarette use was higher in current and recent former tobacco smokers compared with those who had quit less recently or had never smoked cigarettes.
Results
Figure shows the prevalence of e-cigarette use among former smokers by the number of years since quitting smoking. Notably, those who quit less than 2 years ago showed much greater percentages of having ever used e-cigarettes (51.3AE17.5%) compared with those who had quit 2 to less than 4 years ago (20.9AE10.5%), 4 to less than 10 years ago (11.6AE7.5%), or more than 10 years ago (1.0AE0.6%).
Determinants of Ever and Current Use of E-Cigarettes
In the logistic regression examining ever e-cigarette use, former smokers who quit within 1 year had 1.85 (95% CI, 1.03, 3.33) times the odds of ever having tried e-cigarettes, with current "some days" cigarette smokers as the reference (Table 3 ). Compared with current "some days" smokers, we also observed nonsignificant increased odds of ever e-cigarette use among current daily smokers and former smokers who quit between 1 and 2 years ago. In this model, sex, age, race/ethnicity, and education were significantly associated with having ever used e-cigarettes (Table 3) . Females were more likely to have ever used e-cigarettes when compared with males, as were those who were younger. We also found that individuals who reported some college education were more likely to have ever used e-cigarettes when compared with those who reported some high school. Finally, non-Hispanic whites were more likely to have used e-cigarettes than non-Hispanic blacks or Hispanics.
In the additional multivariable logistic regression, age, race/ ethnicity, and education were significantly associated with current e-cigarette use (Table 3) . Unlike for ever use, sex showed no relation to current e-cigarette use. Former smokers who quit within 1 year (odds ratio, 1.56, 95% CI, 0.76, 3.20) , and those who quit between 1 and 2 years ago (odds ratio, 1.55, 95% CI, 0.68, 3.54), had higher odds of current e-cigarette use as compared with current "some days" smokers; however, these associations were not statistically significant.
E-Cigarette Use in Current Smokers With a Reported Quit Attempt
In a final analysis using multivariable logistic regression, limiting the analysis to current smokers, we observed increased odds of ever and current e-cigarette use among those who attempted to quit smoking in the past year. Current smokers who had attempted to quit smoking in the past year showed 1.70 (95% CI, 1.25, 2.30) times the odds of ever having used e-cigarettes as compared with current smokers who had not attempted to quit smoking in the past year, adjusting for sex, age, race/ethnicity, education, and region (Table 4) . We also observed increased odds of current e-cigarette use in those who had attempted to quit within the past year (odds ratio, 1.97; 95% CI, 1.32, 2.95).
Discussion
Several prior studies have characterized e-cigarette prevalence and use patterns in the US adult population. 22, 23, 27 The current study extends this literature by providing estimates for individuals with a history of CVD, a subpopulation that is highly vulnerable to the effects of tobacco use and one that stands to benefit significantly from smoking cessation efforts. We found the odds of having ever used e-cigarettes was 85% higher in former smokers with CVD who quit smoking within the past year compared with those who reported being "some days" current smokers. The odds of e-cigarette use were also higher among those who attempted to quit smoking within the past year; current smokers who attempted to quit smoking within the past year showed 70% higher odds of ever having used e-cigarettes and 97% higher odds of currently using e-cigarettes as compared with smokers who had not attempted to quit over the past year. The prevalence of current e-cigarette use in the CVD population (3.7%) was similar to rates in currently working adults aged ≥18 years based on data from the NHIS in 2014 (3.8%), 27 though the CVD population in our study was considerably older than the general population. We found that 43.8% of current smokers in the CVD population had ever used an e-cigarette. Prior estimates of the general adult population from the NHIS 2014 suggested 47.6% of current smokers had ever used an e-cigarette and that 15.9% currently used e-cigarettes. 28 We observed that 15.9% of current smokers with CVD were dual users ( Table 2) . Levels of observed dual use could indicate attempts at smoking cessation, reduction, or supplemental use. Moreover, when exploring e-cigarette use among former smokers, our analysis demonstrated that e-cigarettes are not being adopted by established quitters (Figure) . By supplanting cigarette use and not appealing to long-term former smokers, e-cigarettes could provide a viable path to cigarette smoking reduction, or even cessation. Our analysis found that former smokers who quit within 1 year had 1.85 times the odds of currently using e-cigarettes when compared with current "some days" smokers. This pattern is similar to findings reported in the adult population from the 2014 NHIS, 22 although the difference in the present study is more pronounced. The greater elevation in odds of currently using e-cigarettes among recent quitters could suggest that the population with CVD might be more reliant on e-cigarettes as a smoking cessation tool than the general population. We also observed differences in e-cigarette use across education, with those who have some college showing the greatest use, which agrees with findings in prior studies characterizing e-cigarette use. 29 Furthermore, we found that current smokers in the CVD population who attempted to quit smoking within the past year had 1.70 times the odds of ever having used e-cigarettes and 1.97 times the odds of currently using e-cigarettes as compared with smokers who did not attempt to quit over the past year. The increased likelihood of e-cigarette use among smokers attempting to quit complements a recent analysis of the US Current Population Survey-Tobacco Use Supplement, which demonstrated that e-cigarette users were more likely to attempt to quit smoking (65.1% of e-cigarette users versus 40.1% of nonusers). 30 However, an earlier consumer-based survey found that cigarette smokers who tried e-cigarettes did not differ significantly in their attempts to quit smoking within the past year from those who had never used e-cigarettes, 15 which may indicate that e-cigarettes have become more popular for smoking cessation over time.
Although the evidence on efficacy of e-cigarettes for smoking cessation remains limited and, thus, inconclusive, 19, 20 recent data from the Current Population Survey-Tobacco Use Supplement suggest that e-cigarette users in 2014 to 2015 were more likely to attempt to quit smoking tobacco cigarettes and to succeed in quitting than nonusers. 30 Furthermore, population-level trends in cessation rates reveal that the overall rate of smoking cessation in the United States has significantly increased from 2010 to 2011 to 2014 to 2015 alongside a similar rise in e-cigarette use. 30 The higher overall cessation rate found in the 2014 to 2015 Current Population SurveyTobacco Use Supplement survey reflects a significantly higher cessation rate among those who reported e-cigarette use within the past year than those who did not (8.2% versus 4.8%), suggesting that e-cigarettes may have played a role in increasing smoking cessation in the US population. 30 However, other tobacco control measures including increases in federal and local tobacco taxes and regulations, and national smoking cessation campaigns also may have contributed to improving the population-level cessation rates; e-cigarettes are unlikely to be the sole explanation for the higher overall cigarette cessation rates in 2014 to 2015. 30 The potential benefits of e-cigarettes in assisting individuals to transition away from tobacco cigarettes must be balanced with the potential health risks associated with ecigarette use. 31 Evidence from the few randomized controlled trials conducted to date suggests that e-cigarettes do not appear to have major short-term health effects. 32 However, a recent systematic review of the health effects of e-cigarettes, drawing on evidence from 76 cohort and experimental studies, concluded that e-cigarettes cannot be regarded as harmless. 33 A number of existing studies have significant methodological problems and conflicts of interest, 33 and there have been no studies published on the long-term health effects associated with e-cigarette use, so the true health impact remains unknown. The impact of e-cigarette use, on cardiovascular health in particular, is of significant interest to individuals with CVD, who stand to benefit immensely from smoking cessation. Several small, short-term studies of the impact of e-cigarette use on cardiovascular health support the harm-reduction strategy of switching from tobacco cigarettes to e-cigarettes. 34, 35 While acute cigarette smoking caused a delay in myocardial relaxation among 36 healthy tobacco cigarette smokers, the same effect was not observed after product use in a small sample of 40 ecigarette users. 34 Another small study (n=23) demonstrated that heart rate, systolic blood pressure, and diastolic blood pressure were significantly elevated after cigarette use but less so after e-cigarette use. The same study found that e-cigarette use was not associated with exhaled carbon monoxide levels, whereas cigarette use resulted in exhaled carbon monoxide more than 8 times above the baseline. 35 On the contrary, a study of 16 healthy volunteers found that e-cigarette use caused an increase in endothelial progenitor cells of the same magnitude as smoking a traditional cigarette, suggesting possible acute vascular changes after e-cigarette inhalation. 36 Using an e-cigarette has also been shown to decrease flow-mediated dilation, another measure of vascular function, to the same extent as smoking a traditional cigarette. 37 Furthermore, results from a new experimental study using mice presented at a recent cardiovascular conference indicated acute e-cigarette use may reduce vasodilation, and long-term exposure may result in aortic stiffness, which can be an indicator of CVD. 38 Ecigarette use also may increase oxidative stress and reduce heart rate variability, both of which are associated with increased cardiovascular risk. 39 Additional evidence suggests e-cigarette use may result in higher exposure to metals such as copper compared with traditional cigarette smoking. 40 Other components of e-cigarette vapor, including nicotine, acrolein, and other chemicals, could potentially result in cardiovascular harm. 41 Adverse health effects may be exacerbated in dual users who supplement their tobacco use with e-cigarettes. The potential for harm may be of particular concern among dual users within susceptible populations, such as those with CVD. Furthermore, the lack of standardization across brands and product types contributes to uncertainty surrounding chemical exposures. In light of the conflicting evidence, the implications of e-cigarette use on cardiovascular health remain debated. 42, 43 The safety of e-cigarettes and the merits of harm-reduction approaches are contested, but there is general consensus in the scientific community that e-cigarettes are less harmful than traditional tobacco cigarettes. 21, 44 However, additional longitudinal research on both the impact of e-cigarette use on cigarette use and safety of e-cigarettes is needed before ecigarettes can be recommended with confidence for smoking cessation specifically for smokers with CVD or for the general population.
The primary strength of our analysis is that we provide evidence on the previously undescribed patterns of e-cigarette use among individuals with CVD. Additionally, data used in the analysis come from a large, nationally representative survey of the adult population in the United States. However, our study had several limitations. First, our conclusions surrounding ecigarette use and cigarette cessation in the CVD population are limited by the cross-sectional, observational nature of the study. Longitudinal studies will be necessary to examine the changes in e-cigarette use over time and infer temporality of associations between e-cigarette use and cigarette cessation among those with CVD. Additionally, we cannot exclude the potential for residual confounding by unmeasured confounders, such as motivations for using e-cigarettes, the use of smoking cessation aids, number of quit attempts, intensity of e-cigarette use, recency of CVD diagnosis, and e-cigarette features or brand. Finally, we did not have adequate sample size of individuals with CVD to perform stratified analyses by race/ ethnicity or other characteristics.
Taken together, our findings suggest that individuals with CVD may be using e-cigarettes as an aid to smoking cessation. Future outreach activities aimed at this high-risk population would benefit from a better understanding of the beliefs underlying use of e-cigarettes, including perceived harm of e-cigarette use compared with smoking, and the motivations for e-cigarette use, including as an aid to smoking cessation efforts or as a potential reduced-risk tobacco product. Future research should continue to focus on the critical determinations of the relative safety and health effects of e-cigarettes, given that at least a subset of the population is using them to quit smoking cigarettes. In pursuing this research, it is important to consider the net impact that ecigarettes may have on smoking behavior within susceptible populations, such as those with CVD.
